at the atomic level we have analyzed axonin-1 Ig1-4 by
suggested model, both mutations resulted in a complete loss of the homophilic binding capacity of axonin-1.
Results

The First Four Ig Domains of Axonin-1 Are Arranged in a U-Shaped Chain and Form a Compact Molecule
The structure of the first four Ig domains of axonin-1 has been solved at a resolution of 1.8 Å (for crystallographic data see Table 1 ). The overall structure of axonin-1 Ig1-4 is U-shaped due to contacts between domains 1 and 4 and domains 2 and 3 ( Figure 2A) . A linker of six residues connecting domains 2 and 3 provides sufficient interdomain flexibility to allow for the U-bend. This places the chain termini of the fragment only 15 Å apart domain deletion among the first four Ig domains, a fourdomain structure requiring the presence of all domains for structural integrity was postulated. X-ray crystallography. We found that the four Ig domains are arranged in a U-shaped chain and form a compact A similar U-shaped arrangement of four Ig domains was reported for the distantly related protein hemolin molecule. In the crystals, the axonin-1 Ig1-4 molecules were aligned in a linear array. Adjacent axonin-1 Ig1-4 mol-(26% identical residues), thought to be involved in a primitive form of immune response in insects (Su et al., ecules were in an antiparallel orientation, their C termini pointing perpendicularly to the axis of the array. The 1998). Using a 3.8 Å cut-off, 190 out of 382 (or 49.5%) C ␣ atoms of axonin-1 Ig1-4 could be superimposed with intriguing arrangement of the axonin-1 Ig1-4 molecules in the crystal suggested a zipper mechanism as a molecuthose of hemolin at a root-mean-square deviation (rmsd) of 1.9 Å . The relatively low percentage of superimposed lar model for the cell-cell contact mediated by homophilic interactions of axonin-1 molecules. To test this C ␣ positions results from a tilt of domains 1 and 4 of axonin-1 with respect to their hemolin counterparts by model, two distinct mutations in a loop critical for the contact between axonin-1 Ig1-4 molecules were generated 5Њ and 15Њ, respectively. In addition, the buried surface between domains 1 and 4 is considerably smaller and expressed in myeloma cells. In confirmation of the A role of this larger contact area between axonin-1 Ig1-4 molecules in biologically relevant interactions is further suggested by its unusually large surface. According to Janin (1997), the buried surface of serendipitous crystal The highest density of axonin-1 molecules involved in homophilic trans-interaction, and thereby the highest adhesive strength per molecule in a contact area is obtained when all axonin-1 molecules are engaged in a zipper array. Because the local surface concentrations of axonin-1 in two contacting cells will never match perfectly due to different expression levels or concentration fluctuations, some fraction of axonin-1 will not be recruited in a zipper array. As unbound axonin-1 cannot become integrated into the interior of the zipper, it should not form cis-links with the zipper array and be excluded from it. Therefore, the homophilic cis binding site in the FnIII part should not be available in monomeric, unbound axonin-1. The conformation of axonin-1 in the monomeric state, as seen in negative-staining EM, suggests that this may indeed be the case. Monomeric axonin-1 was found to assume a backfolded "horseshoe" conformation (Figure 7) with the N terminus located close to the C terminus near the membrane . Based on observations made with domain NrCAM, are not only involved in homphilic interactions, would further the chance of monomeric axonin-1 molebut also in the respective heterophilic contacts, it is cules to become correctly integrated into a string at one tempting to speculate that the formation of a four-domain of its ends, thereby enhancing the expansion of the twomodule in these IgSF-CAMs provides the molecular dimensional zipper array at cell-cell contact areas. Our scaffold on which the capacity of engaging in multiple model also predicts an enrichment of GPI anchors in interactions has evolved in this family of versatile molethe apposed membranes.
cules.
Concluding Remarks Experimental Procedures
The generation of a compact four-domain module may be a structural feature found also in other IgSF-CAMs. 
